Introduction
Sulfapyridine (SP, Figure 1A , C11H11N3O2S, molar mass of 249.29 g mol -1 , 4-amino-N-pyridin-2-ylbenzenesulfonamide, CAS number: 144-83-2) and sulfadiazine (SD, Figure 1B , C10H10N4O2S, 250.278 g mol -1 , 4-amino-N-pyrimidin-2-ylbenzenesulfonamide, CAS number: 68-35-9) are sulfonamides that are sometimes used in treatment of some infections. 1, 2 The aqueous solubilities of SP and SD are really low 3 and several non-toxic aqueous cosolvent mixtures have been evaluated to increase the solubilities. [4] [5] [6] [7] [8] Although some thermodynamic analyses were performed on sulfonamides in cosolvent + water mixtures, no attempt was made to correlate the equilibrium solubility with temperature and mixture's composition in the published papers. The main goals of this work are to correlate the solubility of these drugs in ethanol (EtOH) + water mixtures by means of the Jouyban-Acree model, which is the most versatile and useful correlationprediction model, 9 and also to evaluate the preferential solvation of SP in these mixtures by using the inverse Kirkwood-Buff integrals (IKBI), [10] [11] [12] as has been reported earlier for SD. 13 Thus, this work is similar to those reported previously in the literature with other pharmaceutical compounds.
of pharmaceutical compounds in cosolvent + water mixtures. 17 Moreover, EtOH and propylene glycol (PG) are the cosolvents more widely used in the development of homogeneous pharmaceutical dosage forms, due to their low toxicities, very good stabilities, and low costs. 18, 19 Figure 1. Molecular structure of sulfapyridine (A) and sulfadiazine (B).
In recent years there have been a growing number of experimental solubility studies for drugs dissolved in binary aqueous-organic solvent mixtures. Despite these experimental efforts, solubility measurements for all possible drug-solvent mixture combinations are not feasible. To address the needs of the pharmaceutical industry in predicting the solubility data in various solvent compositions and temperatures of interest, a number of mathematical models were presented to calculate the solubility of drugs in cosolvent + water mixtures. 20 where A and B are the model constants calculated using a least square method. Combination of the Jouyban-Acree and van't Hoff model provides a prediction tool for estimating the solubility of drugs in mixed solvents at various temperatures after one has determined the equation coefficients. The training process for calculating the equation coefficients employs two solubility data points; e.g. at the lowest and highest temperatures for each solvent. 24, 25 The combined version could be represented be:
Eq. (3) where A1, B1, A2, B2 and Ji terms are the model constants. The mean relative deviation (MRD) was computed to evaluate prediction accuracy of different numerical methods using:
Eq. (4) in which N is the number of data points in each set.
Results and Discussion

Jouyban-Acree model
The Jouyban-Acree model was trained using the solubility of SP in EtOH + water mixtures at different temperatures and the obtained model is:
Eq. (5) which correlates the solubility data with the correlation coefficient of 0.988, F value of 6829 and the MRD of 11.0  11.1% (N=55 Equations (5) and (6) require experimental solubility data of the solute in both water and EtOH at each temperature of interest in the prediction process. As described above, Eq. (3) could be used to overcome this limitation. The trained version of Eq. (3) for solubility of SP in EtOH + water mixtures at various temperatures is:
Eq. (7) which correlates the solubility data with the correlation coefficient of 0.988, F value of 6829 and the MRD of 6.0  5.7% (N=55).
Preferential solvation
Preferential solvation studies provide valuable information regarding molecular interactions and the solvent distribution surrounding a drug molecule dissolved in aqueous-organic cosolvent mixtures. Preferential solvation leads to a solvent distribution around that the dissolved solute that is different from the bulk solvent composition. The preferential solvation parameter of SP by EtOH in EtOH + water mixtures (x1,3) is defined as: (8) the difference in the local mole fraction of EtOH in the environment near to SP, 1,3 L , minus the bulk phase mole fraction composition of EtOH. SP is preferentially solvated by EtOH whenever x1,3 > 0. Conversely, if x1,3 takes on a negative numerical value then SP is preferentially solvated by water.
Numerical values of x1,3 are calculated from the inverse Kirkwood-Buff integrals for the individual solvent components as shown in the following equations:
Here κT is the isothermal compressibility of the solvent mixtures (given in units of GPa 
Eq. (13) The correlation volume (Vcor) needed in the x1,3
computation is obtained by means of the following expression:
Eq. (14) where r3 is the molecular radius of SP (expressed in nm). Calculation of correlation volume is achieved through an iterative process by replacing x1,3 in Eq.
(8) to calculate
x until a non-variant value of Vcor is obtained. 
The D values were calculated from the first derivative of the polynomial models solved according to the mixture's composition and listed in Table 3 . The values of Q, RTT and partial molar volumes of the solvents in the mixtures were taken from the literature. 28 The molar volume of SP was also calculated by the Fedors' method (158.5 cm 3 mol -1 ).
4,29
G1,3 and G2,3 values (Tables 4 and 5 ) for most of the solvent compositions are negative indicating that SP exhibits affinity for both solvents in the mixtures, i.e. EtOH and water. Solute radius value (r3) was also taken from the literature as 0.398 nm. 30 The correlation volume (Vcor) of SP was iterated three times by using Eqs. (8), (13) and (14) to obtain the numerical values reported in Table 6 . Further numerical analyses on sulfapyridine solubility Vcor values increase slightly with temperature in EtOH-rich mixtures as expected from the respective molar expansibilities of the cosolvent mixtures in the absence of drug.
31 Table 7 (at all temperatures) and Figure 3 . The negative values become more negative with increasing temperature. The hydrophobic hydration around the non-polar moieties of SP may possibly contribute to lower the net δx1,3 to negative values in the water-rich mixtures, as was described earlier from classical thermodynamic analysis. 34, 35 Thus, water is more acidic than EtOH. This behavior is similar to that exhibited by acetaminophen and some other sulfonamides in the same mixtures. 13, 28 It is noteworthy that all these sulfonamides, SP, SD, sulfamerazine and sulfamethazine exhibit the maximum solubility in the mixture with mass fraction of 0.80 of EtOH (x1 = 0.6101); 4, 5, 35 whereas, acetaminophen exhibits its maximum solubility in the mixtures with mass fraction of 0.90 of EtOH (x1 = 0.7788). 37 Otherwise, a high difference in the solvation trends is that no preferential solvation by water is observed in PG-rich mixtures as it is in the case of the EtOH-rich mixtures. In this way, it is noteworthy that the maximum solubility of SP in PG + water mixtures is obtained in the neat cosolvent. 6 This behavior is similar to that exhibited by acetaminophen, 38 but different compared with the behaviors exhibited by ketoprofen, indomethacin and daidzein. For the latter three solutes no preferential solvation by water was observed in EtOH-rich mixtures. [39] [40] [41] Finally, Figure 4 shows that no significant differences in preferential solvation of SP and SD by water and EtOH are observed at 303.15 K. This could be a consequence of the similar values of 
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Conclusions
The experimental mole fraction solubility data of SP in EtOH + water mixtures at various temperatures was mathematically represented using the JouybanAcree model with acceptable error levels. The reported work is a continuation of our earlier reports on generating experimental solubility data, [42] [43] [44] [45] extending the available solubility data of pharmaceuticals 9 and also providing the derived thermodynamic parameters of the solutions composed of a drug and a binary solvent mixture. [46] [47] [48] Quantitative values relative to the local mole fraction of EtOH and water around SP were derived on the basis of the IKBI method applied to the equilibrium solubility of this drug in EtOH + water and at several temperatures. Thus, SP is preferentially solvated by water in water-rich mixtures and EtOH-rich but preferentially solvated by EtOH in those mixtures with similar proportion of solvents. In this way, some significant differences between the behaviors of SP in EtOH + water and PG + water mixtures were found. On the other hand, the preferential solvation trend of SP by water and EtOH in EtOH + water mixtures is almost the same as that exhibited by SD in the same mixtures.
